Objective-To characterize non-fatal firearm related injuries other than gunshot wounds (non-GSWs) treated in hospital emergency departments in the United States that occur during routine gun handling and recreational use as well as violence related use of a firearm. Methods-Cases were identified through the National Electronic Injury Surveillance System (NEISS). During the study period, 1 January 1993 through 31 December 1996, NEISS consisted of a nationally representative sample of 91 hospitals in the United States having at least six beds and providing 24 hour emergency services. Results-An estimated 65 374, or an average of 16 300 per year, non-fatal, nonGSWs were treated in American hospital emergency departments during the four year study period. Fifty seven per cent of all the non-fatal, non-GSWs were violence related, most of which involved being struck by a firearm. The majority of unintentional non-fatal, non-GSWs were self inflicted and occurred during routine gun handling or recreational use of a firearm; 43% of these injuries resulted from gun recoils. Conclusions-Non-fatal, non-GSWs make a notable contribution to the public health burden of firearm related injuries. Firearm related injury prevention programs should focus on not only the reduction of gunshot wounds but also the reduction of unintentional and violence related nonGSWs. (Injury Prevention 2000;6:268-274) 
Fatal and non-fatal firearm related injuries associated with gunshot wounds (GSWs) have been extensively described in the medical literature. Since 1993, both fatal and non-fatal firearm related GSW injury rates have declined substantially, possibly due to improved economic conditions, the aging of the population, and changes in legislation, sentencing, and law enforcement practices.
1-3 However, GSWs remain an important public health problem. They were the second leading cause of injury death (32 400 deaths) behind motor vehicle traYc related death (42 500 deaths) in 1997. 4 In addition, GSWs contributed an estimated 64 200 non-fatal injuries treated in hospital emergency departments in the United States in 1997, about half of which required hospitalization. 3 4 Although suicides and homicides account for over 96% of all gunshot related deaths, about 20% of gunshot related injuries treated in hospital emergency departments in the United States are unintentional. [4] [5] [6] [7] Preventable firearm related injuries other than GSWs (subsequently referred to as "nonGSWs") are also a public health concern. They occur in a variety of circumstances, including fights, arguments, routine gun handling (for example, transporting, cleaning, repairing), recreational gun use, and leisure time activities. Findings from one study of violence related injuries suggested that one out of five violence related firearm injuries treated in American hospital emergency departments is associated with being struck by a gun. 8 Only minimal data on unintentional non-GSWs have been reported in selected populations, such as those occurring during hunting or target shooting, cleaning and repairing firearms, playing with a gun, or gun malfunction and mishandling. 7 9-18 These studies focused mainly on the circumstances of unintentional firearm related injuries and fatalities, most involving GSWs, and none characterize non-fatal, non-GSWs in the context of all firearm related injuries.
In this study, we examine non-fatal, nonGSWs treated in hospital emergency departments in the United States. National estimates are presented by demographic characteristics of the injured person, type and location of wounds, hospitalization status, activity at the time of injury, mechanism of injury, and other circumstances of the injury incident. Firearm related injuries were defined as those associated with guns that use a powder charge to fire a projectile. A non-GSW was defined as physical injury (bodily harm), self inflicted or inflicted by another person, occurring (1) from being struck by a firearm or objects dislodged during discharge of a firearm, or (2) while evading gunfire; for example, fracture of ankle from falling while running from gunfire. These injuries can be violence related (for example, fractures from being purposely struck by a gun) or unintentional (for example, lacerations from gun recoil during recreational use). Fatal firearm related injuries are not included in this study because deaths associated with nonGSWs cannot be identified in mortality data.
Methods
These data were from the National Electronic Injury Surveillance System (NEISS) operated by the Consumer Product Safety Commission. NEISS consisted of a stratified probability sample of 91 hospitals having 24 hour emergency service and at least six beds. These hospitals are categorized in four strata-small, medium, large, and very large-based on the annual number of emergency department visits. Both rural and urban hospitals in all geographic regions are represented. To obtain national estimates, each firearm related case was assigned a sample weight based on the inverse of the probability of selection. National estimates were then computed by summing the sample weights within the population group or characteristic of interest. The sampling frame, data collection protocol, and sensitivity of NEISS for identifying firearm related injuries have been described elsewhere. [19] [20] [21] This study primarily focuses on non-fatal, non-GSW cases initially treated in NEISS hospital emergency departments between 1 January 1993 and 31 December 1996. Injuries associated with BB, pellet, and other air guns were excluded. Patients discharged alive from the NEISS hospital emergency department were defined as having non-fatal injuries; this definition is supported by previous studies that suggest most firearm related deaths occur before hospitalization. 5 At each NEISS hospital, trained coders reviewed hospital emergency department records, emergency department logs, and trauma registries to identify all firearm related injuries. [21] [22] [23] Coders then abstracted data on the nature of the injury, characteristics of the injured patient, and circumstances of the incident. Data were obtained on age, sex, and race, primary body part aVected, diagnosis, disposition at discharge from the emergency department, locale where injured, type of firearm used, and person causing the injury. The coder provided a short narrative about the injury event as described in the medical record.
During the four year study period, 1961 non-fatal, non-GSW cases were treated in NEISS hospital emergency departments. Among these cases, we excluded 361 that occurred during military training (for example, injured during military activities, Reserved OYcers' Training Corps, and rifle corps training). Most of the military related cases were treated at the three military hospitals in NEISS. Military training related injuries were excluded because military personnel have a much greater exposure to firearms during training subjecting them to higher risk than the general public. Non-military training related cases (for example, assaults) treated at military hospitals were included. Two additional cases were excluded because patients sustained both GSWs and non-GSWs. National estimates were computed using weighted data for the remaining 1598 non-fatal, non-GSW cases treated in NEISS hospital emergency departments.
We constructed two additional variablesmechanism of injury and activity at time of injury-for this study. A coding scheme (available upon request) was developed to categorize cases by mechanism of injury and activity at time of injury using information in the narratives. The coding procedures were pilot tested on an independent sample of NEISS non-GSW cases. Each case was assigned a mechanism of injury and activity code by one researcher. Then, using the protocol, a second researcher systematically reviewed all narratives and assigned codes to corroborate the classification. Any discrepancies were discussed and the final decision agreed upon by both researchers.
Mechanism-of-injury categories were mutually exclusive and reflected how the person was injured. The coding scheme was modeled after guidelines to assign the International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) external causes of injury codes (E codes) as well as the "recommended framework for presenting injury mortality data". 24 25 If more than one mechanism was listed, the mechanism most consistent with the listed diagnosis and type of injury was coded. For instance, injuries resulting from being struck by or striking against a stationary or moving object included falling on a gun if the gun itself caused the injury. Injuries coded into the struck by/against category exclude those sustained by falling or stumbling while carrying a firearm, or by being struck by an explosive Figure 1 blast. Injuries caused by contact with an edged, pointed, or sharp part of the gun or by being pinched between moving parts of the gun were labeled "cut/crush" injuries. Mechanisms of injury classified in the "other" category include injuries caused by falls, burns, mechanical force, acoustic energy, and other less frequent mechanisms. Activity-at-time-of-injury categories were mutually exclusive. If more than one activity was reported, the case was assigned the category listed first in the narrative. National estimates of the number of injuries, injury rates, and 95% confidence intervals are presented. Injury rates per 100 000 population were annualized and calculated by using 1993-96 postcensal population estimates from the United States Bureau of Census. 25 Confidence intervals for numbers and rates and relative standard error (SE) or coeYcients of variation were computed by using a program that accounts for the stratified sample design and sample weights. 20 National estimates based on weighted data for fewer than 25 cases or that had a relative SE (or coeYcient of variation) more than 28% are unreliable and are footnoted in tables. This work was exempt from institutional review board approval.
Results
During the study period, an estimated 413 186 non-fatal firearm injuries were treated in emergency departments in the United States (fig 1) . Of these injuries, 84.2% (347 615) were attributed to GSWs and 15.8% (65 374) were associated with firearm related non-GSWs. GSWs were predominantly violence related (70%), including assault, legal intervention, and suicide attempts. Table 1 shows the majority of the non-GSWs were assaults (56.6%; 36 980 injuries) and unintentional injuries (41.4%; 27 060 injuries). The rate for males was 4.3 times that for females. This diVerence was consistent for unintentional injuries and assaults. With regard to race/ethnicity categories, black people had the highest rate for assaults while non-Hispanic whites had the highest rate for unintentional injuries. The non-GSW rate was highest among persons 15-24 years old.
The nature of injury and characteristics of the injury incident for those with non-GSWs appear in table 2. The primary body part aVected was the head, face, and neck region. Four out of five of the assault injuries were to the head, face, or neck. The majority of injuries treated were lacerations. However, lacerations accounted for a higher percentage of unintentional than assault related injuries (63% v 49%, p<0.0001, respectively). Contusions and abrasions accounted for a higher percentage of assault related than unintentional injuries (22.2% v 13.0%, p<0.0001, respectively). About 3% (or 1897 injuries) of non-fatal, nonGSWs were severe enough to require hospitalization, of which 71% involved the head and neck region. The locale where the injury occurred was determined for only about half of the cases, most occurring in or around the home. The type of firearm used was unknown in more than a third of the cases; of the known firearm types, 34.5% were handguns. More than 60% of the unintentional injuries were associated with, or involved rifles and shotguns, while half of assault related injuries were associated with or involved handguns. The majority of unintentional injuries were self inflicted. The person causing the injury could not be determined in 45% of assault related cases; in cases with known perpetrators, injuries inflicted by a stranger was the most common. The activity at time of injury and mechanism of injury are described in table 3. Activity was determined for over 90% of unintentional injury cases but only for about 25% of assault related cases. More than half of unintentional injuries occurred during cleaning, repairing, loading/unloading, or transporting a firearm and an additional one fourth occurred during recreational activities, such as hunting and target shooting. For those assault related cases with known activity, about 20% occurred while the victim was engaged in vital, travel, or leisure activities. For example, some were inadvertently caught in the line of gunfire and were struck by ricocheting debris or broken glass; others fell down while attempting to evade gunfire.
The mechanism of injury was determined in most cases. For assaults, the predominant mechanism was being struck by a moving gun, frequently called a pistol whipping (82.5%; 30 521 injuries). For unintentional injuries, the most common mechanism was gun recoil (43.2%; 11 686 injuries), followed by cutting, piercing, crushing, and pinching injuries associated with the slide or trigger mechanism or other gun part. Six per cent of unintentional injuries resulted from mechanical force related to an explosion of gun parts. Other unintentional injuries included powder burns, burns from contact with hot shell casings, auditory trauma from excessive noise exposure, and falls while carrying a firearm.
Over the four year study period, 6871 persons with recreational non-GSWs were treated in hospital emergency departments in the United States (table 4). Persons treated for these injuries were primarily male and over 15 years of age. Nearly two thirds of the injuries were to the head, face, neck and eye, and most of the others were to the extremities. Rifles and shotguns accounted for nearly two thirds of these injuries. Recreational non-GSWs were primarily associated with hunting (55.2%; 3792 injuries) and target shooting (44.3%; 3043 injuries). Almost half of the recreational injuries (3209 injuries) were caused by gun recoil, and nearly eight out of 10 occurred during the fall and winter. 
Discussion
To our knowledge, this report provides the first national estimates of non-fatal, non-GSWs treated in hospital emergency departments pertaining to non-military, civilian life. During the four year period 1993 through 1996, we estimated that 16 344 non-fatal, non-GSWs were treated in American emergency departments annually. During this same period, an estimated 86 904 non-fatal GSWs were treated each year in the same hospitals. In addition, an average of 37 024 persons were killed by GSWs annually from 1993 through 1996. 4 These data show that non-fatal, non-GSWs contribute markedly to the total numbers of firearm related injuries in the United States each year.
Population subgroups at highest risk for sustaining non-fatal, non-GSWs are very similar to those at highest risk for fatal and non-fatal GSWs injuries. The non-fatal and fatal firearm related injury rates for males is about six to seven times higher than that for females. [2] [3] [4] [5] [6] [7] [8] Our results show that the rate of non-fatal, non-GSWs for males was more than four times that for females. The age distribution for nonfatal, non-GSWs also follows the distribution of fatal and non-fatal GSWs. People aged 15-34 years account for the largest number of firearm related injuries and deaths, over 70% of non-fatal GSWs and 47.5% of fatal GSWs. 4 5 In our study, 60% of the non-fatal, non-GSWs were among persons 15-34 years old.
Regarding racial and ethnic disparity, our results suggest that the racial disparity among non-fatal and fatal GSW injuries extends to non-fatal, non-GSWs injuries. The rate of non-fatal, non-GSWs among black people was approximately three times the rate for nonHispanic whites. In 1996, the fatal firearm related injury rate for the black population was 2.7 times that of the white population. 4 Annest et al reported that the non-fatal GSW rate among blacks was over nine times the rate among non-Hispanic whites and three times the rate among Hispanics. 5 Our estimates show that among assault related non-GSW injuries for blacks, the rate was eight times the rate for non-Hispanic whites.
Implications for prevention
In this study, national estimates indicate that 97% of non-fatal, non-GSWs treated in hospital emergency departments in the United States during the study period were not hospitalized. However, non-GSWs, such as struck by a gun in the head, that are not severe enough to require hospitalization may result in permanent or residual disability. 26 27 Mild traumatic brain injuries may lead to long term, potentially permanent residual symptoms such as headaches, irritability, anxiety, dizziness, fatigue, impaired concentration, memory loss, and information processing deficits. [28] [29] [30] [31] [32] [33] [34] [35] Almost 2400 non-GSW related eye injuries were treated in hospital emergency departments over the four year study period. Sixty seven per cent of these injuries were unintentional, most of which occurred during routine gun handling (63.7%) or recreational (26%) activities. Firearm related eye injuries, including corneal abrasions, lacerations, orbital lacerations, and enucleation are often severe enough to require surgery and may result in permanent visual acuity loss. 13 36-39 These injuries might be prevented through proper use of safety glasses and proper gun handling techniques. Even though head, face, and eye injuries may result in significant disability, no mechanism currently exists to monitor firearm related injury disability nationally. 40 Recreational gun users need to understand their risk of non-GSWs during gun use. Non-GSWs severe enough to require emergency medical attention can occur, including lacerations, contusions/abrasions, and fractures. Almost 92% of unintentional non-fatal, non-GSWs were self inflicted. A majority (55%) of unintentional non-fatal, non-GSWs occurred during activities such as cleaning, repairing, and handling firearms. These activities have also been associated with unintentional GSWs. 9 Twenty five per cent of an estimated 6871 unintentional injuries occurred during recreational gun use, including hunting (55.2%) and target shooting (44.3%). For cases where the type of firearm was known, rifles (33.2%) and shotguns (27.9%) were the most frequent type of firearm responsible for unintentional recreational injuries. This finding is consistent with other reports of hunting related injuries and deaths. 9 17 Self inflicted recreational firearm injuries have high potential for prevention. Gun safety and firearm education programs should be directed towards recreational gun users, including hunters and target shooters. In this study, just over three quarters of recreational non-GSWs occurred during the fall. Emphasizing firearm safety messages during the late summer and early fall may remind hunters and target shooters to be cautious when engaging in gun related activities.
Among recreational non-GSWs, 43% were caused by gun recoil. Instructing novice gun users in the proper positioning of the gun stock on the shoulder can help to control the powerful "kickback" associated with discharge of a firearm thereby limiting recoil related injuries. Improving firearm design, such as incorporating cushioned gun stocks or padded shoulder holsters, may also help reduce recoil related injuries. Designing rifle scopes with padded and rounded edges could decrease chance of lacerations around the eye.
LIMITATIONS
We estimated that 7630 persons purposely struck by a gun were treated in American hospital emergency departments annually. This estimate is half the estimate of 15 300 reported by Rand in a study of all intentional injuries in 1994. 8 The diVerence in these estimates could be explained by two factors. First, his estimate of being struck by a gun has a large sampling error due to the small numbers of cases reported in the study conducted at one third of the 91 NEISS hospitals. Second, it is possible that his coding scheme was more inclusive in defining struck by a gun. Both studies, however, indicate that those involved in policy decisions and planning programs for gun related violence prevention should be informed not only about GSWs but also about the extent of injuries from being struck by a gun.
NEISS is only appropriate for calculating national estimates of firearm related injuries and cannot be used to examine associations with geographic location and urbanization. Also, NEISS data on injury related circumstances are abstracted from emergency department records. Since medical personnel primarily are focused on treating the patient, medical records often lack suYcient information to describe injury related circumstances. For instance, guns are used in about 30% of weapon related assaults. 41 We were only able to classify the context (for example, robbery, burglary, sexual assault) in 38.3% of assaults. Also, we had diYculty identifying the locale of the assault related incident (48% unknown), the type of firearm (34% unknown), the victimoVender relationship (45% unknown) and activity at the time of injury (74% unknown). To improve reporting of these characteristics, NEISS data could be linked to other data sources. Law enforcement and medical examiner/coroner reports have been identified as providing the most comprehensive incident information on firearm fatalities; law enforcement and crime lab reports could be a potential information source for investigating non-fatal firearm injuries. 42 43 NEISS collects data on firearm related injuries treated in hospital emergency departments. As a result, this report may underestimate the number of non-fatal, non-GSWs because common types of non-GSWs, such as contusions, lacerations and burns, may have been treated in medical facilities other than hospital emergency departments or may not have required treatment by a medical professional. NEISS does provide a sensitive estimate of the number of non-fatal firearm injuries. 19 An evaluation of NEISS found that hospital coders correctly identified 92.4% of GSWs treated in a random sample of NEISS hospital emergency departments. 18 Although nonGSWs were not included in that evaluation study, coders were instructed to report all gun related incidents described in the emergency department record. We have no reason to suspect NEISS is any less sensitive for non-GSWs.
In summary, non-fatal, non-GSWs make an important contribution to the overall public health burden of fatal and non-fatal firearm related injuries in the United States and aVect blacks disproportionately. Over half (58%) of such injuries were violence related. Injuries from being purposely struck by a gun should be considered when developing gun violence prevention programs at national, state, and local levels. Most of the remaining non-fatal, nonGSWs were unintentional (41.4%), which were predominantly self inflicted (92%) and preventable. Further research is needed to identify and characterize gun users at greatest risk of sustaining these types of injuries and to examine associations between injury events and firearm design and safety features. EVorts should be made in state and local jurisdictions to design eVective prevention strategies and to facilitate the availability of proper training and education in gun handling and gun safety practices for all gun owners and users to decrease the risk of injury.
